Abstract
129
THP-1 culture and time lapse microscopy 130 THP-1 cells were incubated using supplemented RPMI-1640 medium (11875093, Thermo Fisher 131 Scientific) inside a T25 flask before experimentation. A 1 mL chamber was fabricated using a PDMS slab, 132 plasma bonded to a cover slide and exposed to UV light for 3 hours. 900 µL of fresh media was added to 133 the chamber followed by 100 µL of THP-1 cell suspension at 100x10 5 cell/mL. Another block of PDMS 134 was used to seal the chamber from the top. The cell chamber was placed on the miniature microscope stage 135 and the whole microscope inside a cell culture incubator at 37°C with 5% CO 2 . The bottom of the chamber 136 was manually focused, and the miniature microscope was set in time-lapse mode on the GUI. Next, all 137 cables were disconnected, except for the power cord. During the first ~24 hours, brightfield images were 138 acquired every 15 min. For the last ~2 hours, images acquisition was set to every minute.
140

Results and discussion
141
Microscope Design
142
Our goal was to engineer a miniature multicolor fluorescence microscope of simple design that could be 143 built from the least number of pieces and thus be assembled rapidly, and which, while using 3D printed 144 pieces, could still offer enough accuracy to focus on objects while being mechanically stable and indifferent 145 to vibrations. Importantly, our goal was not to develop a fluorescence microscope that offered the same 146 illumination and image quality as a commercial microscope but rather a microscope that could be assembled 147 in a short period of time, was affordable for low-budgets labs, offered sufficient image quality for most 148 applications (with enough resolution to image single cells) and enable quantitative biological 149 measurements, and equally important, that it was simple enough for any scientist to observe biological 150 objects in brightfield and stained with multiple fluorescent dyes.
151
The microscope is inspired in the mechanism of a nut and bolt, Fig 1a. The bolt head serves as a base 152 and as a casing to enclose the sensor camera, while the tip of the bolt holds the plastic lens , Fig 1b, (Fig 1d) . The threading in the shank is 1 mm ( S2 Fig). It is important to realize 155 that because the microscope is made of PLA, the threading can wear out over time and thus decrease its 156 ability to finely focus. The microscope base (bolt) is fixed while the stage rotates to bring the object into 157 focus. One disadvantage of this arrangement is that the object under observation is rotated with the stage, 158 yet once focused the object can be manually lifted from the stage and rotated to preserve the orientation. 170 it is possible to omit the detection cube and just keep the emission filter. Thus, the stage performs as a lid 171 that enables brightfield observation using a white LED placed on the center top of the lid (Fig 1e) and 172 allows fluorescence measurements using 3 high-power color LEDs (UV: 385 nm, Green: 475 nm, and
173
Blue:535 nm) that illuminates the sample from the sides (Fig 1f) 
328
The slight difference in the data obtained with the Zeiss microscope -higher peaks and smother curves-329 was expected given the quality of its optical filters and its sophisticated illumination, while ours had a 330 higher background noise. Overall, it is possible to perform quantitative biological experiments in our 331 microscope, enabling fluorescence time-lapse microscopy. 
375
Conclusions
376
Fluorescence microscopy is an important instrument in biomedical research. Here, we have demonstrated 377 that using 3D printed parts and basic electronic components it is possible to build a miniature 3-channel 378 fluorescence microscope for under $100. In our design, we favored simplicity over other metrics so that it 379 could be assembled rapidly (10 min), although still able to produce sufficient image quality to analyze 380 single cells. We demonstrated that placing color LEDs at different angles from the sample produces a 381 homogenous illumination. We also showed that plastic filters minimized fluorescence bleed-through to 382 the same level of optical glass filters. To demonstrate its application in single cell assays, we monitored 383 the production of NETs from single neutrophils, yielding similar data to a commercial microscope. Our 384 microscope is ideal for downstream applications using microfluidic devices, as demonstrated here, or in
